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HEAT FLOW REGULATING COVER 
FOR AN ELECTRICAL STORAGE CELL 



The present application is based on and claims the 
5 benefit of U.S. provisional patent application Serial 
No. 60/509,050, filed March 6, 2003, the content of 
which is hereby incorporated by reference in its 
entirety. 

FIELD OF THE INVENTION 
The invention relates to equipment for use in 
hazardous industrial locations where intrinsically 
safe (IS) electrical equipment is required. In 
particular, the present invention relates to 
providing intrinsic safety for electrical energy 
storage cells. 



BACKGROUND OF THE INVENTION 
In the process automation industries, it is 

20 common to have processes that are hazardous. In order 
to prevent accidents caused by equipment faults, 
independent agencies certify equipment as 
intrinsically safe (IS) . The premise of this 
certification is that under no conditions could an 

25 equipment fault occur that would discharge enough 
energy to ignite a hazardous gas, dust or liquid. As 
battery technologies advance, battery cells are 
capable of storing increasing amounts of energy in 
the same package size. This creates a dichotomy for 
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portable, battery powered, intrinsically safe 
equipment. One of the tests certification agencies 
use to approve batteries is the short circuiting of 
the battery and measurement of its surface 
temperature. There are various temperature 
classifications, but no spot on the battery surface 
can exceed the limit of the classification. For 
example, a T4 classification has a limit of 130 
degrees C. Modern batteries typically fail this test 
and exceed the maximum permitted temperature for the 
T4 classification. 

A method and apparatus are needed to adapt 
energy storage cells and batteries for use in 
hazardous industrial locations where intrinsic safety 
standards must be met . 

SUMMARY OF THE INVENTION 
Disclosed is a temperature regulating cover for 
use on an electrical energy storage cell that may 
2 0 produce heat at a hot spot during a short circuit 
condition. The cover includes a first layer of 
thermally conductive material that is shaped to 
conform to an outer surface of the electrical energy 
storage cell and spreads heat from the hot spot over 
25 surface area that is larger than the hot spot. The 
cover also includes a second layer of thermally 
insulating material that is shaped to conform to an 
outer surface of the first layer and that retards 
heat flow to an outer surface of the second layer. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 illustrates process steps in assembling a 
heat flow regulating cover on an electrical energy- 
storage cell. 

FIGS. 2-3 illustrate front and left side views 
of two half shells that form a thermally conductive 
layer . 

FIG. 4-5 illustrate a battery that includes a 
plurality of covered electrical energy storage cells. 

FIG. 6-8 illustrate heat flows from hot spots on 
outer surfaces of electrical energy storage cells. 

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS 
15 In the embodiments described below, an 

electrical energy storage cell may produce heat at a 
hot spot during a short circuit condition. The hot 
spot has a surface temperature that exceeds intrinsic 
safety (IS) temperature limits and has the potential 
2 0 to ignite gas, dust or flammable liquid in an 
industrial environment, such as an oil refinery. A 
heat regulating cover is provided to overcome this 
problem. 

The cover includes a. first layer of thermally 
25 conductive material that spreads flow of the heat 
from the hot spot over a portion of the outer surface 
of the first layer that is larger than the hot spot. 
A second layer of insulating material covers the heat 
conducting layer and retards flow of the heat to an 
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outer surface of the second layer. The outer surface 
of the covered energy storage cell is below a 
temperature which can cause combustion. 

The covered cell can be used in an application 
5 where intrinsic safety is required, such as a battery 
used to energize a hand-held portable instrument such 
as a data acquisition unit or a calibrator. 

FIG. 1 illustrates process steps 20-24 in 
assembling an exemplary heat flow regulating cover 28 

10 on an electrical energy storage cell 30 that can 
produce heat during a short circuit test interval . 

At first process step 20, a cell 30 is selected 
that has a high energy storage density to provide 
long battery life. The cell 30 has a cylindrical 

15 outer surface 31 that can produce hot spots under 
short circuit conditions. In one example, the cell 3 0 
can be a size AA cell with a diameter of 
approximately 16 mm and a length of approximately 40 
mm. Other size cells can be used, and cells can be 

20 either disposable cells or rechargeable cells. 

At second process step 22, a first layer of 
material 34, 36 is assembled over the cylindrical 
outer surface 31. The first layer of material 34, 36 
has a high specific heat capacity and is thermally 

25 conductive. In one example, the first layer, of 
material includes a first half shell 34 and a second 
half shell 36 that are shaped to conform with the 
cylindrical outer surface 31. The first layer of 
material 34, 36 covers the outer surface 31. 



At third process step 24, a second layer of 
material 38 is provided. The -second layer of material 
38 is thermally insulating. The second layer of 
material 3 8 is shaped to conform to an outer surface 
5 35 of the first layer of material 34. The second 
layer of material 38 is preferably elastic and shrunk 
to hold the first layer of material 34, 36 firmly in 
place against the cylindrical outer surface 31 of the 
cell 30. The use of elastic material for the second 

10 layer of material 38 avoids a problem with gaps 
forming that would interfere with heat flow. The 
second layer of material 38 is preferably 
commercially available heat shrink tubing formed of 
rubber or thermoplastic material. In one embodiment, 

15 the layer of material 38 has a thickness of about 1 
mm. 

FIGS. 2-3 illustrate front and left side views 
of the two half shells 34, 3 6 that together form the 
high conductivity layer. Each half shell 34, 36 has 

20 an approximately semi-cylindrical shape that is sized 
to conform to the outer surface 31 of the cell 31. A 
small gap D is left between the half shells 34, 36 to 
encourage a good fit and good thermal contact between 
the cell 31 an the half shells 34, 36. The small gap 

25 D can be on the order of about 0.8 mm and can be 
selected to allow space for thermal expansion of the 
half shells 34, 36 at higher temperatures. The half 
shells 34, 3 6 are preferably formed from aluminum 
tubing having a wall thickness of about 1 mm. 
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Aluminum has a thermal conductivity of about 4.9 X 10" 

2 (Kcal/sec) / (meter 2 ) (degree C/meter) , and aluminum 
has a specific heat of about 0.219 cal/ (gram) (degree 
C) . The half shells 34, 36 can also be made from 

5 copper. Copper has thermal conductivity of about 9.2 
X 10" 2 (Kcal/sec)/ (meter 2 ) (degree C/meter) , and 
copper has a specific heat of about 0.093 
cal/ (gram) (degree C) . Other materials with 
appropriate thermal conductivity may also be used. 

10 When there is a hot spot on the surface 31 of 

cell 30, the first layer of material 34, 36 spreads 
flow of the heat from the hot spot over a portion of 
the outer surface of the first layer 34 that is 
larger than the hot spot, while the second layer 3 8 

15 of material retards flow of heat to an outer surface 

3 9 of the second layer 38. 

In one embodiment, the thicknesses of the layers 
34, 36, 3 8 are adjusted so that a temperature of the 
outer surface of the second layer 38 has a measured 

20 maximum temperature of 13 0 degrees centigrade or less 
during the short circuit test interval. The 
thicknesses of the layers 34, 36, 3 8 can be selected 
by using thermal finite element analysis (FEA) , by 
thermal testing, or a combination of thermal FEA and 

25 thermal testing. 

FIG. 4-5 illustrate one example of a battery 50 
that includes a plurality of covered electrical 
energy storage cells 52, 54, 56, 58, 60. FIG. 4 is a 
plan view of the battery and FIG. 5 is a left side 
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view of a portion of the battery. The battery 50 is 
arranged for use in a combustible atmosphere. 

The plurality of electrical energy storage cells 
52, 54, 56, 58, 60 are each covered with a heat 
5 regulating cover as described above in connection 
with FIGS. 1-3. Electrical interconnections 62, 64, 
66, 68 are metal strips that are spot welded to the 
cells 52, 54, 56, 58, 60 to form a series circuit. A 
protective device 70 is connected in series between 

10 cell 60 and a negative polarity electrical connection 
lead 72. The protective device 70 is connected by a 
crimped splice 71 to electrical connection lead 72. 
The electrical connection lead 72 and the protective 
device 70 are secured in place by a potting compound 

15 73 . A positive polarity electrical connection lead 74 
is connected to the cell 52. 

The protective device 70 preferably comprises a 
fusible link, and in particular a PICO Fuse part 
number 265002 can be used. During short circuit 

20 testing, the protective device 70 can be bridged 
(temporarily short circuited) to simulate a fault 
condition. 

The cells 52, 54, 56, 58, 60, the protective 
device 70, the interconnections 62, 64, 66, 68 and 
25 the leads 72, 74 are placed in a plastic resin shell 
80 shaped to provide mechanical support. The plastic 
resin shell 80 includes plastic resin separation bars 
82, 84, 86, 88 positioned between the cells 52-60 and 
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the electrical interconnections 62-68 to reduce 
shorting and provide additional mechanical support. 

FIG. 6-8 illustrate heat flows from hot spots 
100, 102, 104 on outer surfaces of electrical energy 
5 storage cells 106, 108, 110 respectively. In FIGS. 6- 
8, the flow of heat is illustrated schematically with 
arrows, and temperature isotherms are illustrated 
schematically with dashed lines. 

In FIG. 6, the hot spot 100 on the cell 106 is 

10 left uncovered and a temperature at the outer surface 
112 of the cell 106 exceeds 13 0 degrees Centigrade 
during a short circuit test. The uncovered cell 106 
is unsuitable for use in an industrial environment 
where intrinsic safety (IS) approval rating is 

15 required. The outer surface of cell 106 has a hot 
spot 100 that is hot enough to ignite combustibles. 

In FIG. 7 a hot spot 102 on a cell 108 is 
covered with thermally insulating material 114. The 
surface temperature at the outer surface 116 of the 

2 0 insulating material remains below 13 0 degrees during 
a short circuit test, however, the hot spot 114 is 
insulated to such an extent that it overheats and 
permanently damages the cell 108, thus proving to be 
unsuitable for use in an intrinsic safety 

2 5 envi r onmen t . 

In FIG. 8, the hot spot 104 is covered with a 
first layer 120 of thermally conductive material and 
a second layer 122 of thermally insulating material 
as described above in connection with FIGS. 1-3. The 
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first layer 120 spreads the heat flow from the hot 
spot 104 over a larger surface area as illustrated. 
The heat flow per unit area of surface is reduced. 
The heat flow spreads both along the axis of the cell 
5 and circumf erentially so that the area available for 
heat flow is substantially enlarged. The thermally 
insulating layer 122 limits heat flow and further 
encourages spread of heat through the thermally 
conducting layer 120. The temperature at external 

10 surface 124 remains below 130 degrees Centigrade, 
however, the heat is well dissipated because it is 
conducted over a large area. The cell 110 is not 
excessively heated, and the cell 110 can be used in 
an intrinsically safe environment. 

15 "Hot spots" which occur on the battery surface 

during the short circuit test are effectively 
shielded from contact with combustibles. The first 
thermally conductive layer, in close contact, 
surrounds the cell with material that has high 

20 thermal conductivity. This layer distributes the 
thermal energy of the "hot spots" onto a larger 
surface area and thereby reduces the maximum surface 
temperature. The second layer, in close contact, 
encases the first layer of material. The second layer 

25 of material has a low thermal conductivity 
coefficient. This material acts as a thermal 
insulator between the first layer and the ambient 
atmosphere. The value of thermal conductivity of each 
layer is such that the surface temperature of the 
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second layer of material is below the required value 
of the desired temperature classification. 

High-energy density batteries can be used in 
hazardous areas of the zones 1 and 2 for the 
5 temperature classes Tl to T4 using the cover 
arrangement described. The cover can be used on 
rechargables batteries as well as for disposable 
batteries. Modern batteries with larger internal 
capacities can be used with the invention. These 

1<J modern batteries include cells that reach higher 
surface temperatures at the short-circuit tests than 
is allowed for the approval. The cover regulates the 
heat flow and provides a solution to this problem for 
batteries with large internal capacity. While a 

15 series arrangement of cells has been illustrated, it 
will be understood by those skilled in the art that a 
parallel arrangement of cells can also be used. 

Although the present invention has been 
described with reference to preferred embodiments, . 

20 workers skilled in the art will recognize that 
changes may be made in form and detail without 
departing from the scope of the invention. 

25 



